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^7 Background of the Invention 

Polydeoxynucleotide and oligonucleotide sequencing with laboratory-based 
instruments has become inexpensive and reliable due to the variety and availability of 
complimentary fluorescent labeled target sequences. These fluorescent labeled probes may be 
specially tailored to hybridize with genomic DNA segments and form base pair matches that 
can accurately detect the presence of inherited genetic disorders or native-cell mutations. 
Under excitation light in the visible or UV range, the associated fluorescent marker attached 
to the probe emits a secondary emission which may be detected by a charge-coupled device 
(CCD) array, photodiode, or other spectrally sensitive light detector. 

However, current techniques require the use of specialized reagents and additional 
processing to separate the cell wall and other components before analysis. The analyte is 
removed and introduced into an assay chamber for analysis. The chambers are housed in 
portable or tabletop analytic instruments that typically contain an excitation source, detection 
sensors, spatial reading or imaging devices, and archiving capabilities. These systems are 
expensive and require that tissue samples be processed prior to use. The biggest drawback to 
these types of systems is their inherent inability to perform fast, localized reading of array 
probes in a convenient, and repeatable manner in vivo. In vivo monitoring and detection of 
changes to the human body in response to therapy is needed to expedite trials and to monitor 
results from therapy, and would allow doctors to treat serious diseases such as cancer safely in 
a more effective and less costly manner. 

Summary of the Invention 

The present invention performs specific detection and analysis of biological analytes 
in vivo using a simplified, low cost set of components. In one embodiment the small size and 
simplified operation allows the entire device to be housed in a catheter. In one aspect, the 
device consists of a housing, a light excitation source, and detector and at least one fluorescent 
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labeled probe material on a substrate that is exposed to the tissue of the body. The excitation 



source may be directed at the substrate carrying the probe, or may be a conductor of the 
excitation energy. Other embodiments include the use of a lumen to introduce a lysing agent 
or energy to the area of interest. The lysing agent or energy may be an ultrasonic transducer 
capable of rupturing cell membranes through the use of a brief burst of ultrasonic energy. In 
another aspect, a lysing system is used in which pressurization and evacuation of the sample 
via the lumen adjacent to the probe array creates a pressure capable of rupturing the cell 
membrane. Each of the probes may be read by application of electrical current to the 
excitation source and by detecting the presence or absence of signal via the probe sensor. The 
probe sensor may be a photodiode that is responsive to light emitted by the fluorescent probe 
material. Two probes may be mixed and read by two sensors if the spectrum is sufficiently 
separated. A ratio can then be obtained to facilitate analysis. In another embodiment, a 
normalizing patch may be adjacent to provide a reference signal, thereby simplifying the 
calibration of the instrument. 

Brief Description of the Drawings 
FIG. 1 is a planar view of a probe array containing a multiplicity of fluorescent probes 
on its surface. 

FIG. 1 A is a cross sectional view of the probe array of FIG. 1 . 
FIG. IB is a cross sectional view of a sheet of material carrying a probe array. 
FIG. 2 is a cross-sectional view of a readable polydeoxynucleotide array module. 
(RPAM) 

FIG. 2A is a block diagram of the readable polydeoxynucleotide array module and 

system. 

FIG. 3 is a cross sectional view of an interventional device carrying the readable 
polydeoxynucleotide array module. 

FIG. 4 is a cross sectional view of an interventional device fitted with a lysing core. 
FIG. 5 is a side view of a secondary insertable device having a tip and a multifilar 

shaft. 



FIG. 6 is a cross sectional view of a hollow needle carrying the readable 
polydeoxynucleotide array module equipped insertable appliance. 

Detailed Description of the Drawings 

Referring now to FIG. 1, the planar view of a probe array 1 1 is shown as a grid-like 
array with a plurality of chambers 13 arranged to have separators 15 within a frame 17. The 
frame 17 may be a small injection-molded component made of a plastic such as polystyrene or 
a molded material such as glass. The separators 15 may be molded integrally to the frame 17 
or may be separate elements placed within it. The overall dimensions of the frame 17 may be 
small. Typical dimensions are less than 1mm by 1mm. 

Referring now to FIG. 1 A, which is a cross sectional view of the probe array 1 1, the 
aforementioned separators 15 are effective to separate a fluorescent probe material 21 that 
may have different characteristics from an adjacent fluorescent probe material 23. Probe 
materials 21 and 23 are generally deposited in a thin layer on top of a substrate, in this case 
the material of the frame 17. Alternatively, the frame 17 may be made of a foraminous 
material or a partly foraminous substance such as sol gel (not shown). The probe materials 
may be incorporated into the substrate, which may be a flat surface which allows ink printing 
processes to be used to deposit the probe array materials at high speeds and at low cost. 

uj^^robe materials generally are engineered molecular materials that are designed to have 
an affiimy to one or more constituents that may be expected to be found in the tissue, fluid or 
chemical mix to be analyzed. These probe materials may be made sensitive to specific genes 
or gene segments through complimentary genetic indicators that have been designed to 
fluoresce \v change color, as observed by the naked eye or by spectrographic analysis 
methods, vlhen they are linked to a molecule to which they have affinity. A large number of 
different tyAes and combinations of optically readable probes are being manufactured today 
that have specific affinity to one or more genes, proteins or other chemicals. In preferred 
embodiment*, the present invention contemplates the use of two classes of probes: (i) protein 
sensitive probes, such as GFP (green fluorescent probe) from the jellyfish Aequorea victoria; 
and (ii) modified oligonucleotide probes that are fluorogenic, such as those manufactured by 



Synthegen LLC, Houston, Texas 77042. Additional probes suited for use in the present 
invention are available from Midland Certified Reagent Company, Midland, Texas 79701, 
and Transbio Corp., Blatimore, Maryland 21220. Typically these probes must be used in vitro 
due to either their lack of biocompatability or because they must be used in conjunction with 
aggressive reagents that are toxic to cells. 

Various methods and configurations may be used to deposit or arrange probe locations 
and positions in an array or singly. For instance, a sheet of plastic material 33, as shown in 
FIG. IB, may have lines 35 made of probe filled ink printed in any arrangement that may be 
produced with printing methods. More than one type of probe-filled ink may be used to 
produce various patterns and arrangements, including overlapping patterns (not shown). The 
ink pattern lines 35 may be protected with a topcoat 37 which may be made of a dissolvable 
gel such as ordinary gelatin, or another material such as a soluble or even a waterproof 
polymer that only dissolves and provides access to the probe material in the probe-filled ink in 
lines 35 after the application of a solvent. The arrangement of the sensitive areas by this 
process allows the probe materials to be applied to a variety of surfaces and substrates, 
including medical devices such as needles, trocars, forceps, catheters, guidewires, implants 
and prostheses, in an inexpensive and reliable manner. 

The following discussion and description of the present invention is directed to a 
readable polydeoxynucleotide array module (RPAM). However, those skilled in the art will 
appreciate that the present invention and specific embodiments described below may be 
utilized with any number of probe arrays and the RPAM described here is provided as only 
one, non-limiting, example. 

Referring now to FIG. 2, which is a cross sectional view of a readable 
polydeoxynucleotide array module (RPAM) 41, the probe array 1 1 may be positioned 
adjacent to a spectrometer module that is encapsulated in an at least partly transparent housing 
45. The probe array 1 1 may be cemented to the side, top or other area within a spectrometer 
module 43 with an optical cement (not shown), or by a solvent bond line 47 which allows two 
plastics to be fused through partial melting. A spectrometer module suitable for use in this 
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invention has been described in pending U.S. Patent Application Serial Number 08/898,604, 
the entire disclosure of which is incorporated by reference herein. 

Specifically, the spectrometer module used in the present invention includes a light 
source and a light detector for placement inside a body such that optical conduits are not 
necessary to deliver light signals to and from the RPAM inside the body. The miniature 
spectrometer includes the light source and one or more light detectors. The light source 
illuminates a tissue region and the light detectors detect optical properties of the illuminated 
tissue by measuring modified light signals. The light detectors convert optical signals to 
electrical signals such that one or more electrical wires placed inside an interventional device 
can deliver the electrical signals from the RPAM to a signal display or a microprocessor. 

The light source and the light detectors are energized by an external power supply 
through electrical wires. In another embodiment, an optically transparent tip encapsulates a 
spectrometer. The tip is shaped to optimize tissue contact and optical transmission. The tip 
encapsulating the spectrometer is disposed at a distal end of an interventional device. The tip 
may be coated with a material to improve light transmission. The tip may include at least one 
fluid channel, which is in communication with a lumen inside the interventional device, to 
deliver a fluid to a tissue region. The spectrometer may also include a light source and the 
light detectors formed on a single substrate. The light source may be a light emitting diode 
and the light detectors may be a photodiode comprising multiple channels, where both devices 
are formed on a silicon substrate. The light detector can include multiple channels to detect 
light emission at multiple wavelengths. 

Still referring to FIG. 2, probe array 1 1 may be integrally molded onto the surface of 
the spectrometer module 43 creating a somewhat simplified one-piece unit which may provide 
processing advantages in high speed production environments where parts counts are 
intentionally kept low to minimize stock and therefore reduce cost of fabrication and 
assembly. Injection molding or casting of the components is effective to produce miniature 
components that correspond in size to conventional silicon-based integrated circuit scale. 
Therefore it should be appreciated that the RPAM may be small, e.g., about the size of a 
miniature electronic component such as a surface mount device. Such devices include 
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packaging, leads, and other components, and may be obtainable in size ranges of less than 
lmm in length. Such devices may typically be configured in the range from about 0.5mm to 
about 3mm to produce small, useful devices for in vivo use. The RPAM 41 may also have 
printable surfaces according to the construction of alternative probe array configurations as 
described in FIG. 1 A and FIG. IB, if desired. Referring once again to FIG. 2, the internal 
components of the RPAM consist of a substrate material 49 such as silicon upon which a 
light-emitting diode light source 5 1 is mounted with power lead 53 attached to one of 
terminals 55. Various colors and types of diode light sources may be used, including those 
now available that emit light in the infrared, the red, the yellow, the green, the blue, and the 
blue-violet regions. A working range of RPAM excitation wavelengths is from about 1 100 
nanometers to about 250 nanometers and may comprise monochromatic, bichromatic or 
broadband emissions. The exit aperture 57 is positioned to illuminate movable mirror 59 
which is bonded to piezoelectric stack actuator 61 . Empowerment of the stack actuator 61 is 
effective to direct light emission from diode light source 51 to one or more chambers 13. 
Light emission from the probe materials 21 is picked up by one or more light detectors 63 
through filters 65. Signals from the detectors 63 are brought out from the RPAM through 
other terminals 55. 

Referring now to FIG. 2 A, the operation of the RPAM is depicted in block diagram 
form as follows: Light is generated and directed from light source 51 and directed at one or 
more of chambers 13 by mirror 59, which impinges upon at least one probe material 21. 
Fluorescence or other secondary light generated by the action of the light energy upon the 
probe material causes a second emission that may be detected by one or more light detectors 
63 after passing through a bandpass filter 65. The signal may be amplified and/or conditioned 
by one or more amplifier stages 64. Filters 65 allow the system to discriminate between 
various secondary light emission wavelengths, and signals from said light detectors 63 may be 
synchronized with the operation of light source 5 1 so that at any given time there is a known 
relationship between the particular probe that is illuminated and its response as detected by 
the light detectors. The timing and relationship of the light generating and light detecting 



event and the spatial position of the mirror 59, are controlled by CPU 71 and sent to the 
components via control lines 73. 

The data obtained may be stored or presented in a display device or other therapeutic 
device which can be a graphical display, a television monitor, printout or drug delivery pump, 
interventional device, motor or actuator, etc. Accordingly, this apparatus may effectively scan 
or read a plurality of probe materials in a repeatable, fast and controllable manner, and the 
information read may be stored, displayed, or used to initiate another action such as a 
therapeutic application of a drug, or control of a motor. The bandpass filter system of 
detecting one or more light wavelengths for this purpose is basic and that more complex 
schemes could be employed by those of ordinary skill in the art. Such schemes may include, 
without limitation; light wavelength detection systems comprising gratings, graduated filters, 
heterodyne detection, acousto-optic tunable filtering, and other light detectors that effectively 
provide and amplitude and frequency responsive signal. A diffraction grating (not shown), for 
instance, may be attached to movable mirror 59 to provide spatial and chromatic control 
simultaneously. 

Referring now to FIG. 3, the cross sectional view of an interventional device 
incorporating the spectrometer and probe still referred to here as RPAM 41; there is a body- 
insertable appliance 81 such as a catheter which may have a distal end and a proximal end and 
may consist of a plastic, rubber or metal material that is generally elongated in shape, has a 
small cross-section allowing it to pass easily through the body, and has one or more lumens or 
conduits which may extend through the length of the device. Shown in FIG. 3 is a device 
having three lumens although a greater or lesser number of lumens may be used depending 
upon the application for which the device is intended. The main lumen 83 is relatively large 
and is used to deliver a drug, a reagent, or a device to or beyond the distal tip 89. Suction 
lumen 85 is useful for drawing biological fluids, tissue or other materials into proximity with 
the RPAM 41, where the material can be analyzed. Signal wires 74 may extend to an external 
controller (not shown) or to a CPU, pump, motor or other controller as shown in FIG. 2 A, 75. 

Returning once again to FIG. 3, infusion lumen 87 may provide additional fluids, 
regents, drugs, wires or appliances that may be useful to the procedure. For example, the 



practitioner will appreciate that additional reagents can be introduced to facilitate analysis. 
Such additional reagents can include: denaturants, such as guanidinium thiosulfate; buffers, 
such as Tris-Cl; detergents, such as SDS; chelators, such as EDTA; enzymes, such as 
proteinases and/or DNAases; and other reagents known to those of ordinary skill in the art 
which may be appropriate to the particular analysis to be carried out using the apparatus of the 
present invention. 

Referring now to FIG. 4, a cross sectional view of an interventional device such as a 
body insertable appliance 81 fitted with a lysing core 101, is shown. The lysing core 101 
utilizes mechanical motion to disrupt cells in order to make the cell contents available for 
analysis by the RPAM (not shown). The use of a lysing device in conjunction with the 
RPAM system eliminates the need for potentially toxic reagents that are commonly used to 
open cells in vitro. The lysing head 105 consists here of a more or less hemispherical 
component that may be comprised of a metal or plastic, which is mounted at the distal end of 
a driveshaft 103. Such driveshafts are well known for their ability to deliver torque and rotary 
motion from a proximal motor 107 or by hand control. As taught in this invention, motor 107 
is one of a class of components shown in FIG. 2A as 75 which may be controlled by system 
CPU 71 , also shown in FIG. 2 A. Numerous other lysing devices are known that may abrade, 
disrupt, dissolve, pressurize, vacuum, cavitate or otherwise apply mechanical forces to a cell 
or cells that is effective to disrupt the cell and make its contents available for analysis. It 
should be pointed out that such damage to cells is usually minimized to avoid permanent 
damage to the organ, vessel, duct or tissue being tested. The lysing head 105 need not be 
relatively large and may be made small enough so that it may easily pass through the device 
from the proximal end so that another device or implant may be inserted, if needed, through 
the same large lumen 83. Such an implant may be a solid or porous, foraminous or 
dissolvable seed, implant, stent, gel or the like, which may carry therapeutic agents to a 
particular site in the body. This system provides the advantage that local conditions can be 
determined through use of the polydeoxynucleotide readable array (afforded by the 
construction of the RPAM device as described herein), and therefore, better and more precise 
application of appropriate medicaments, drugs, therapeutic genetically based substances, etc., 
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is facilitated. Further advantages are provided in that the information is obtained at or near 
real time, and that information is obtainable from the exact location of a proposed therapeutic 
intervention. Such a device that may be used to place an implant is shown in FIG. 5, which is 
a side view of a secondary insertable device 1 1 1 comprising a rotary, multifilar flexible 
driveshaft 1 12 having a therapeutic tip 1 13 terminating in an anchoring device 1 15 shown as a 
screw form capable of being screwed into tissue until separable joint 117 breaks, after which 
the remaining part of insertable device 1 1 1 may be withdrawn. Driveshaft 1 12 may be 
hollow, to allow tether 1 19 to remain attached to therapeutic tip 113. Tether material may be 
constructed of a wire to allow the sending and receiving of an electrical signal, or may simply 
be used as a retrieval device to retrieve any portion of the therapeutic tip that may remain after 
the need for it is over. 

Numerous carrying devices may be used to deliver the RPAM. FIG. 6 is a cross 
sectional view of a hollow needle 121 carrying the RPAM insertable appliance 81. The 
advantage of a needle is that it allows the introduction of the RPAM into portions of the body 
where there is no natural passageway. This method allows the user to position the distal tip of 
the lysing head 105 in various positions with respect to the sharp needle tip 106. The needle 
may be of stainless steel and may be inserted into body tissue such as muscle, breast, prostate, 
or cardiac tissue. The needle may be left in place, and the RPAM withdrawn temporarily to 
allow another appliance (not shown) to be introduced. Other carrying devices may include 
guidewires, balloon catheters, ultrasound catheters with both imaging or non-imaging, and 
rotatable or array configurations, introducer sheaths, balloon angioplasty catheters for use in 
the blood vessels of the heart, the extremities, and the vascular system, atherectomy catheters, 
and many other types of interventional devices, as well as intraoperative devices. The device 
of the invention may be used anywhere there is the need for fast, precise localized detection 
and analysis of nucleotides, proteins or the like, either for diagnostic purposes, or to guide 
therapy which itself may be made more localized, and therefore site-specific. Such uses are 
economical and have less impact on surrounding tissue that is free of disease. The invention 
allows use of any agent that may change color as a result of the application of a local chemical 
to be read and includes without limitation such agents as litmus, photodynamic therapeutic 
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agents such as photofrin, fluorescent agents or dyes, staining dyes, luciferin, etc. The present 
invention permits analysis in a real time fashion without the need to remove and transport 
tissue specimens for later analysis. 
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